INTRODUCTION {#s1}
============

Colon cancer is one of the leading causes of cancer-associated death in the world \[[@R1]\]. To the best of our knowledge, genetics, way of life, and colon adenoma are closely related to the pathogenesis of this disease. Accumulating epigenetic data have implicated that colon cancer is a deadly disease attributed to interactions between multiple genes, such as cumulative mutations and aberrant methylation of certain genes, such as M2 isoform of pyruvate kinase (PKM2) and angiotensin II receptor, type 1 (AGTR1) \[[@R2], [@R3]\]. Colon cancer cells grow uncontrollably due to the activation and overexpression of oncogenes and the mutation and deletion of tumor suppressor genes \[[@R2]\]. In spite of progress in the prevention and early detection of colon cancer, the 5-year survival rate of colon cancer remains lower, particularly for those patients at advanced stages \[[@R4], [@R5]\]. As a result, identification of prognostic factors can improve the efficacy of current treatments and the life quality of colon cancer patients.

In recent years, circulating exosomal microRNAs have been found to play critical roles in regulating the development of colon cancer \[[@R6], [@R7]\]. As non-coding RNA molecules, microRNAs are small 19 to 25 nucleotides of RNA, which engage in the cell differentiation, apoptosis, and cell cycle progression \[[@R8]\]. MicroRNAs can regulate the expression of targeted genes at the post transcriptional level. The expression of microRNAs is highly conserved with spatial and temporal expression specificity \[[@R9]\]. As a result, different diseases may have diverse specific expression profiles of microRNAs. In addition, the same disease may also have different organ or tissue specific expression profiles of microRNAs. Therefore, specific microRNA expression profiles may be used as biomarkers in patients with colon cancer. In the past few years, tumor derived exosomal microRNAs have been identified as a new group of circulating tumor markers and potential therapeutic targets by regulating tumor angiogenesis, tumor cell growth, and invasion \[[@R10], [@R11]\]. In our previous study, we have identified a specific circulating exosomal microRNAs expression profile in serum from colon cancer patients. MicroRNA-638 (miR-638) is one of the most significantly decreased microRNAs in serum exosomes of patients with colon cancer. However, little is known about the prognostic value of circulating exosomal miR-638 in colon cancer. The aim of this study is to investigate the association between circulating exosomal miR-638 and the prognosis of colon cancer patients.

RESULTS {#s2}
=======

Characteristics of the study population {#s2_1}
---------------------------------------

Characteristics of all participants were presented in Table [1](#T1){ref-type="table"}. Overall, 108 male and 84 female patients with colon cancer were recruited in our study. The mean age at diagnosis of all colon cancer patients was 57.8 ± 11.2 years, and no statistically significant difference for the mean age at diagnosis was observed between colon cancer patients with high or low levels of serum exosomal miR-638 (the miR-638^high^ group: 57.5 ± 11.0 years; the miR-638^low^ group: 58.0 ± 10.8 years) (Table [1](#T1){ref-type="table"}). There was no statistical significance between the two groups with regard to age, gender, tumor stage, tumor differentiation status, and vascular filtration.

###### Characteristics of all patients with colon cancer

  Factors                               miR-638 ^high^ (n=64)   miR-638 ^low^ (n=128)   *P*-value
  ------------------------------------- ----------------------- ----------------------- -----------
  Age, n (%)                                                                            1.00
   \<58 years                           38 (59.4)               76 (59.4)               
   ≥58 years                            26 (40.6)               52 (40.6)               
  Gender, n (%)                                                                         0.53
   Female                               26 (40.6)               58 (45.3)               
   Male                                 38 (59.4)               70 (54.7)               
  TNM stage, n (%)                                                                      0.45
   I                                    12 (18.7)               25 (19.5)               
   II                                   9 (14.1)                24 (18.8)               
   III                                  33 (51.6)               65 (50.8)               
   IV                                   10 (15.6)               14 (10.9)               
  Tumor differentiation status, n (%)                                                   0.91
   High                                 46 (71.9)               93 (72.7)               
   Low                                  18 (28.1)               35 (27.3)               
  Vascular infiltration, n (%)                                                          0.76
   Yes                                  9 (14.1)                16 (12.5)               
   No                                   55 (85.9)               112 (87.5)              

Expression and its clinicopathological significance of serous exosomal miR-638 in colon cancer patients {#s2_2}
-------------------------------------------------------------------------------------------------------

We found miR-638 was significantly deceased in serum exosomes of patients with colon cancer compared with healthy controls (Figure [1A](#F1){ref-type="fig"}). Besides, reduced expression of serous exosomal miR-638 was more significant in colon cancer patients at later TNM stage (Figure [1B](#F1){ref-type="fig"}). Moreover, levels of serous exosomal miR-638 were much lower in patients with liver metastasis but not lymph node metastasis (Figure [1C and 1D](#F1){ref-type="fig"}).

![**(A)** Deceased levels of serous exosomal miR-638 in patients with colon cancer. **(B)** Expression of serous exosomal miR-638 in colon cancer patients at different TNM stage. **(C)** Expression of serous exosomal miR-638 in colon cancer patients with or without liver metastasis. **(D)** Expression of serous exosomal miR-638 in colon cancer patients with or without lymph node metastasis. \*, *P* \< 0.05; \*\*\*, *P* \< 0.001.](oncotarget-08-72220-g001){#F1}

Association between serous exosomal miR-638 and the OS and DFS of colon cancer patients {#s2_3}
---------------------------------------------------------------------------------------

Kaplan-Meier analysis showed that colon cancer patients with low levels of serous exosomal miR-638 had significantly shorter OS and DFS than those with high levels of serous exosomal miR-638 (*P~OS~* \< 0.01, *P~DFS~* \< 0.01; Figure [2A and 2B](#F2){ref-type="fig"}). The Cox regression analysis suggested that low levels of serous exosomal miR-638 was associated with poor prognosis in colon cancer patients (Table [2](#T2){ref-type="table"}). Colon cancer patients at later TNM stage or with liver metastasis or low levels of exosomal miR-638 in serum had poor OS (Table [2](#T2){ref-type="table"}). Additionally, low level of serous exosomal miR-638 was also related to poor prognosis in colon cancer patients independent of other significant factors, including TNM stage and liver metastasis (Table [2](#T2){ref-type="table"}).

![**(A)** Kaplan-Meier survival analysis of OS (*P* \< 0.01). **(B)** Kaplan-Meier survival analysis of DFS (*P* \< 0.01).](oncotarget-08-72220-g002){#F2}

###### Cox regression analysis for the association between serum exosomal miR-638 and OS of colon cancer patients

  Factors                                Univariate analysis   Multivariate analysis                     
  -------------------------------------- --------------------- ----------------------- ----------------- ---------
  Age (≥58 years)                        1.23(0.78-1.93)       0.367                   1.15(0.73-1.82)   0.542
  Gender (Male)                          1.04(0.66-1.63)       0.853                   1.00(0.64-1.57)   0.999
  TNM stage (III/IV)                     2.25(1.30-3.90)       0.004                   3.13(1.70-5.75)   \<0.001
  Tumor differentiation grade (Low)      1.47(0.92-2.34)       0.105                   2.28(1.37-3.78)   0.001
  Vascular infiltration                  0.76(0.33-1.76)       0.528                   0.99(0.41-2.41)   0.987
  Lymph node metastasis                  1.14(0.56-2.43)       0.278                   1.87(1.04-3.49)   0.345
  Liver metastasis                       2.76(1.29-3.98)       0.007                   3.13(1.70-5.75)   0.009
  Low levels of serum exosomal miR-638   2.01(1.28-3.17)       0.003                   1.90(1.20-3.91)   0.006

DISCUSSION {#s3}
==========

Exosomes are nano-sized vesicles with a diameter of 40-100nm in the biofilm structure. They widely distribute in saliva, blood, and milk. Exosomes consist of proteins, lipids, mRNAs, long non-coding RNAs, and microRNAs that can be delivered to different cells, and thus mediate intercellular communication. Increasing evidence has suggested exosomes are involved in regulating the immune response, antigen presentation, cell differentiation, cell metabolism, tumor invasion and other biological processes \[[@R12], [@R13]\]. Recent evidence has indicated that exosomes mediate interactions between cancer cells and the microenvironment \[[@R14], [@R15]\]. Exosomes are the natural carriers. Exosomes-encapsulated microRNAs can function as intracellular and extracellular microRNAs by cell to cell communications. However, the extracellular microRNAs can be used for diagnostic and therapeutic targets, in that they can be secreted as signaling molecules by certain cells. Specific microRNAs transferred by serum exosomes may play a vital role in the pathogenesis of malignant tumors. Therefore, exosomal microRNAs merit consideration as prognostic markers, diagnostic markers and potential therapeutic targets. Although microRNAs have been widely investigated in cancer development and progression, the role of circulating exosomal microRNAs and their underlying regulatory mechanisms in colon cancer are largely unknown. Previously, we have screened the specific exosomal microRNAs profile in serum from patients with colon cancer, and found that miR-638 was one of the most significantly reduced exosomal microRNAs in serum of patients. Besides, miR-638 was significantly decreased in serum exosomes of colon cancer patients at later TNM stage (II/III/IV). Moreover, low levels of serous exosomal miR-638 were associated with increased risk of liver metastasis in patients with colon cancer. Based on these findings, we hypothesized that the expression of miR-638 in serum exosomes might influence the prognosis of colon cancer patients. Therefore, we performed a postoperative follow-up in 192 histologically diagnosed patients with colon cancer, and found that decreased levels of serous exosomal miR-638 in colon cancer patients were indeed related to poor prognosis. Patients with low levels of miR-638 in serum exosomes had much shorter OS and DFS than those with high levels of serous exosomal miR-638. In addition, serous exosomal miR-638 was a prognostic factor for colon cancer independent of TNM stage and liver metastasis. Taken together, low levels of serous exosomal miR-638 predicted poor prognosis in patients with colon cancer.

Dysregulation of miR-638 has been described in a number of cancers, such as hepatocellular carcinoma, gastric carcinoma, and colorectal carcinoma \[[@R16]--[@R18]\]. Nonetheless, the expression levels of miR-638 vary with diverse locations and cancers. Significantly increased levels of miR-638 were observed in hepatocellular carcinoma tissues compared with normal liver tissues \[[@R19]\], while decreased levels of miR-638 were found in tumor tissues of hepatocellular carcinoma patients in contrast to their paired non-cancerous tissues \[[@R16]\]. The inconsistent findings may be attributed to different sample size, source of controls and individual variations. Although low level of miR-638 in certain tumor tissues can predict poor prognosis, including hepatocellular carcinoma and colorectal cancer \[[@R3], [@R19]\], little is known about its prognostic value of circulating exosomal miR-638 in cancer. In the current study, we firstly found that serous exosomal miR-638 is downregulated in colon cancer patients. Besides, low levels of serous exosomal miR-638 were associated with TNM stage and live metastasis, predicting potential role of exosomal miR-638 in the progression of colon cancer. Therefore, serous exosomal miR-638 may serve as a novel and noninvasive biomarker for the prognosis of colon cancer. In addition, serous exosomal miR-638 was a new prognostic factor for colon cancer independent of age, gender, TNM stage, tumor differentiation status, vascular infiltration, lymph node metastasis, and liver metastasis.

The underlying molecular mechanisms by which circulating exosomal miR-638 affects colon cancer are important. Nevertheless, the exact role of circulating exosomes in cancer remains largely unknown, except for their effect in mediating intercellular communication via the release of vesicle contents, such as circulating non-coding RNAs, proteins and lipids. Ren Y and the colleagues have recently reported that miR-638 was aberrantly expressed in cancer tissues and could promote autophagy and malignant phenotypes of cancer cells \[[@R20]\]. A recent study has suggested miR-638 was involved in mediating DNA damage repair processes and might act as a sensitizer in cancer chemotherapy \[[@R21]\]. As a result, miR-638 may enhance the chemotherapeutic efficacy of certain drugs and help to improve the chance of recovery from malignant tumors. Interestingly, we have previously found that miR-638 may be involved in the regulation of glucose metabolism in colorectal cancer by targeting HIF-1α and PGK1. However, more research is warranted to for further investigation. Little is known of the effect of circulating exosomal miR-638 in colon carcinogenesis, cancer cells metabolism, and chemosensitivity analysis. Findings in the present study have provided strong evidence for the prognostic role of serous exosomal miR-638 in colon cancer progression. In the future, we will focus on investigating the potential roles of circulating exosomal miR-638 in colon cancer cells metabolism and their sensitivity to cancer chemotherapy drugs.

In summary, the present study firstly shows strong evidence that serous exosomal miR-638 can be a useful biomarker predicting prognosis of colon cancer. However, the underlying molecular mechanisms of circulating exosomal miR-638 in colon carcinogenesis and progression warrant to be elucidated in more future studies. We will be committed to the research of exosomal miR-638 as a promising molecular targeted drug for patients with colon cancer.

MATERIALS AND METHODS {#s4}
=====================

Study design {#s4_1}
------------

This retrospective study was performed in colon cancer patients histologically diagnosed with the time of postoperative follow-up between 2008 and 2014 in our hospital. The mean follow-up period was 47 months (range 10-60). Outcomes of a total of 192 patients with colon cancer were identified and included into the present study. 39 healthy controls were randomly selected from individuals receiving health examination in our hospital. The study was approved by our hospital\'s ethical committee. Participants in this study had all signed the informed consent. The clinical and pathological data mainly included date of diagnosis, age, residential area, race, gender, tumor stages, tumor size, adjuvant chemotherapy, serum alkaline phosphatase, tumor differentiation status, and vascular infiltration. Patients were staged by the TNM classification of the International Union against Cancer. Peripheral blood samples were collected from each patient before surgery.

Purification of exosomes from serum and extraction of total RNAs {#s4_2}
----------------------------------------------------------------

Serous samples were separated from fresh peripheral blood by centrifugation at 1,200 *g* for 10 min at 4°C. The exosomes of plasma were purified by use of a total exosome isolation kit (Invitrogen, USA) based on the manufacturers' protocol. Precipitations of exosomes were fully lysed by Trizol LS (Invitrogen Life Technologies, Paisley, UK) for subsequent RNA extraction. Total exosomal RNAs were extracted according to the protocol of miRNeasy mini kit (Qiagen, Netherlands). In brief, serum exosomes were diluted with 1 ml of Lysis Reagent. Subsequent extraction was carried out based on the manufacturer\'s protocol. The quality of total RNAs was assayed by an Agilent 2100 Bioanalyzer (Agilent Technologies, USA). Total RNAs were stored at −80°C for quantitative real-time PCR detection.

Quantitative real-time PCR for serous exosomal miR-638 {#s4_3}
------------------------------------------------------

The expression of miR-638 in serum exosomes was detected using quantitative real-time PCR. Briefly, cDNA was synthesized from total RNAs using a PrimeScriptTM RT reagent Kit (Takara, Tianjin, China) according to the manufacturer\'s protocol. MicroRNA-16a was used as an internal control for real-time PCR analysis. Each sample was analyzed in duplicate. 2^−ΔΔCT^ was calculated to determine the relative expression of miR-638 in serum exosomes of patients with colon cancer.

Outcome estimation {#s4_4}
------------------

We investigated the association between levels of serum exosomal miR-638 and colon cancer outcome of overall survival (OS) and disease-free survival (DFS) by use of the Kaplan-Meier survival curve method. We carried out the follow-up every three months within the first three years and every six months after then.

Statistical analysis {#s4_5}
--------------------

Data were shown as mean ± SEM. In this study, we used independent-samples T test or one-way ANOVA for statistical analysis. The association between levels of serum exosomal miR-638 and colon cancer outcome of OS and DFS was evaluated by use of Kaplan-Meier and log-rank tests. Hazard ratio (HR) with 95 % confidence interval (95 % CI) was used to determine the relative risk of mortality, which was calculated through the Cox regression analysis. Covariates used in the multivariate analysis mainly comprised of age, gender, tumor stage, tumor differentiation status, vascular filtration and levels of serum exosomal miR-638. Softwares of SPSS (version 16.0), Graphpad (version 5.0), and STATA (version 12.0) were used for statistical analysis.
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